In patients with congestive heart failure, thiamine deficiency has been demonstrated by the test-dose method (1, 2), by measurement of the lactate-pyruvate ratio of the blood (3), and by determination of blood cocarboxylase (4). The oxidation of pyruvate to acetate requires thiamine in the form of cocarboxylase (thiamine pyrophosphate). Olson, Pearson, Miller, and Stare have shown that thiamine deficiency in experimental animals (rats and ducks) resulted in a decrease in the ability of cardiac muscle slices to oxidize pyruvate (5). The present investigation was thus undertaken to determine the thiamine and cocarboxylase content of cardiac muscle in patients with heart failure as compared with that of non-cardiac patients. To our knowledge no data are available on this point in the literature.
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METHODS
Patients were selected from the Philadelphia General Hospital and Temple University Hospital under treatment for congestive heart failure. In order to study the influence of long-standing heart disease upon the thiamine and cocarboxylase content of heart muscle only those patients who had failed to respond to therapy and expired with manifestations of cardiac decompensation were analyzed. There were twelve cases from whom tissues were obtained at post-mortem examination including seven with hypertensive cardiovascular disease, four with arteriosclerotic heart disease, and one with rheumatic heart disease. There were six males, and six females; their ages ranged from 39 to 81 years. The duration of treatment for heart disease in eight patients ranged from two and one-half years to eight years in the cardiac clinics or by private physicians; in four patients the duration of the disease could not be accurately determined. In each instance, treatment included the use of digitalis, mercurial diuretics or ammonium chloride, and salt restriction diets. Despite these regimens, symptoms of dyspnea, orthopnea due to pulmonary congestion, dependent edema, venous hypertension, hepatomegaly, ascites and hydrothorax (two cases) persisted, necessitating hospitalization. The patients reteived no supplementary vitamins but were treated with diuretic agents, digitalis, oxygen, bed rest, and restricted sodium intake. The patients expired with manifestations of advanced heart failure including Cheyne-Stokes respiration, pulmonary congestion, and general signs of anoxia. The 37°for 12 hours. This completed the hydrolysis of cocarboxylase to thiamine. It was filtered and aliquot parts (100 ml.) passed through the Zeolite (Decalso column) filter and thiamine was determined (7). The cocarboxylase was calculated by the difference between free thiamine of the first homogenate and the total thiamine of the second homogenate. Total nitrogen was determined by the micro-Kjeldahl method.
RESULTS
The analyses of heart, liver, and kidney tissues for total thiamine and cocarboxylase are presented in Tables I and II The difference between the means of total thiamine and cocarboxylase in patients with car- It is apparent that in the case of the heart tissue, there was a highly significant difference between the two groups of patients both for total thiamine and cocarboxylase (P < .001). In the liver tissue, the difference between the two groups was highly significant for total thiamine but not significant for cocarboxylase. In the kidney tissue from the control group both thiamine and cocarboxylase were higher than in the kidney tissues from the cardiac group. The difference between the means, however, was statistically not significant. In six of the cardiac patients and in six control patients, the total thiamine and cocarboxylase expressed in micrograms per gram of tissue nitrogen are presented in Tables IV and V. The mean values for the cardiac patients for thiamine were 17.25 micrograms per gram of nitrogen of heart tissue, and for cocarboxylase 7.14 micrograms per gram of nitrogen of heart muscle, and in the noncardiac cases 56.7 micrograms of thiamine per gram of nitrogen of heart muscle and 32.03 micrograms of cocarboxylase per gram of heart tissue nitrogen. The statistical evaluation of the total thiamine and cocarboxylase per gram of tissue nitrogen in both-cardiac and non-cardiac cases is presented in Table VI . It is evident that the results are similar in the ashed tissues to those obtained using the wet tissues.
DISCUSSION
The results of this study tend to indicate that all three types of tissues had a lower concentration of both total thiamine and cocarboxylase in patients with cardiac failure as compared with those who died of other causes. The differences, however, were statistically significant for total thiamine and cocarboxylase in heart only and for total thiamine alone in liver tissue.
The results are in agreement with experimental data reported by several investigators that dietary restriction of thiamine results in a decrease of tissue concentration of both thiamine and cocarboxylase (8, 9) . We and others have suggested that patients with heart failure are apt to show thiamine deficiency because of inadequate intake of thiamine in the food, poor absorption of ingested thiamine, and also as a result of the use of mercurials for elimination of edema (2, 3, 10) . sons in poor nutritional status with respect to this vitamin, values were found which correspond closely to those obtained in heart and liver tissues of our patients who died of heart failure. On the other hand, total thiamine in heart tissue of autopsy material from three subjects who met accidental death ranged between 2.5 to 4.5 micrograms per gram of tissue (average 3.7 micrograms per gram) (12) . These values are considerably higher than were found in our control cases. A possible explanation for this is the better state of nutrition of subjects who met accidental death.
Whether the thiamine content of heart muscle in the cardiac cases was at such a low level as to impair the utilization of pyruvate we are unable to state. In several studies of the respiration and utilization of substrate by slices of cardiac muscle from experimental animals it was shown that large decreases of heart muscle thiamine were required before impairment of pyruvate utilization occurred but below 2.5 micrograms of thiamine per gram fresh weight of cardiac muscle the conversion of pyruvate to non-lactate products was a function of the thiamine content (13) . Whether a similar metabolic behavior obtains in human heart is not established. Manifestations of thiamine deficiency were not observed in these patients with the exception of one who had malnutrition, smooth red tongue, and hyporeflexia (Case R. M.). It is well known that tissue thiamine levels at which symptoms of thiamine deficiency develop vary with the amount of physiologic activity but it is reasonable to assume that the low total thiamine and cocarboxylase content of the myocardium had a deleterious effect on cardiac muscle metabolism. Whether this factor played a role in the refractoriness of patients to cardiac therapy is a point for further study.
The liver tissues from the cardiac cases showed a significantly lower total thiamine content than from the control cases. This may be explained by the fact that in cardiac failure liver damage is of frequent occurrence (14) and as Borson (15) has suggested hepatic dysfunction may lead to a decreased phosphorylation of thiamine with a consequent elimination of the vitamin in the urine.
In attempting to explain the small difference between thiamine and cocarboxylase content of the kidney tissue in the groups of patients, we must bear in mind that in both groups the thiamine stores were below normal. In thiamine depletion the low tissue thiamine concentration may increase the rate of recovery of thiamine from urine in order to replete body stores of this vitamin (16) . Such a process would be expected to increase the thiamine content of renal tissue.
SUM MARY
Heart, liver, and kidney tissues were analyzed for thiamine and cocarboxylase content in 12 cardiac and 10 non-cardiac patients. The analyses were made in wet tissues in the entire series and in six of each group the results were also related to the nitrogen content of the tissues.
In all tissues examined, there were lower concentrations of both total thiamine and cocarboxylase in patients with cardiac failure than in patients who died of other causes. The differences were statistically significant for both total thiamine and cocarboxylase in heart tissue and for total thiamine in liver tissue.
The finding of the significantly reduced thiamine and cocarboxylase contents of heart muscle is worthy of further investigation as to its possible influence upon myocardial metabolism in heart failure.
